INTRODUCTION
============

At the athletic performance and injury prevention centers, during the last 20 years, sports medicine has evolved into a process involving proprioceptive neuromuscular stimulation, muscle synergy and motor learning skills far more than traditional, isolated force ratings. The functional behavior patterns of the athletes are of great importance for excellent and comprehensive rehabilitation, such as the core strengths are at a high level, the risk of injury is reduced ([@b6-jer-13-5-535]; [@b12-jer-13-5-535]). Where there is no functional evaluation standard, it is very difficult to develop a motion approach that we can call functional, creating a gold standard screening test that evaluates functional motion capacities ([@b10-jer-13-5-535]).

On the improper motion patterns (mobilization, stabilization, and constraint in motor controls) of the athletes, in order to perform high level activities, unaware that they should do more strength training adversely affect the development of athletes and increases the risk of injury ([@b2-jer-13-5-535]; [@b7-jer-13-5-535]).

At the end of the rehabilitation process, specific tests are applied to the performance and sports branch to determine whether the athlete is competent for sportive activity and return to the field. It is difficult to say that this process gives enough basic information to assess whether the individual is ready to participate in sporting activities ([@b7-jer-13-5-535]). Past researchers' perception was that there was no standard assessment system that could assess the physical adequacy of the individual to participate in activities ([@b1-jer-13-5-535]; [@b8-jer-13-5-535]).

In accordance with the evaluation results of the functional movement patterns, candidate sportsmen who volunteer in our work, we performed an individual exercise plan and with the implementation of this planning and we intended to reveal the effects on the total functional movement screen (FMS) scores and the incidence, severity, healing process, and loss of work power of sports injuries at a certain time.

This study, in football discipline, was conducted to investigate the effects of specific exercise planning, movement patterns, and injury severities on the athletes who are professionally trained and their turnaround times. To increase movement capacity and to reduce injury risk in young soccer players by implementing a special functional exercise program based on FMS screening and correctives.

MATERIALS AND METHODS
=====================

Our work was approved by the Local Ethics Committee of Istanbul University Faculty of Medicine (approval number: 2012/1416-1204). All of the athletes participated in this study with their family volition and their own wishes.

Twenty-four male soccer players were included in the working group who struggling in the super league for at least 3 years, from sportsmen in the age group 14--19, at least 8 hr a week training and who have not experienced the musculoskeletal injuries that would prevent participation in matches or team training in the last 1 month or require medical treatment. Mean age was 16.13±0.387 years, mean height was 175±4.16 cm, mean weight was 69.07±4.55 kg. Fourty-three male soccer players were included to the control group mean age was 16.42±1.57 years, mean height was 175.75±4.44 cm, mean weight was 70.29± 4.89 kg were included ([Table 1](#t1-jer-13-5-535){ref-type="table"}). Athletes have been identified from those who are closer to being elite athletes planned to invest in talking with their coaches.

FMS original kits were used as material and consist of main test body, two auxiliary fixed measuring sticks, elastic rope, one moving measuring stick ([Fig. 1](#f1-jer-13-5-535){ref-type="fig"}).

FMS consists of 7 movement tests and 3 of these tests consist of control tests that help us check for pain.

FMS tests: 1. Deep squat; 2. hurdle step; 3. in-line lunge; 4. shoulder mobility; 5. active straight leg raise; 6. trunk stability push-up; 7. rotary stability.

Control tests: 1. Shoulder mobility; 2. trunk stability push-up; 3. rotary stability.

The FMS scoring consisted 4 different options between the range of 0 to 3 and the 3 was the best possible score. If the individual feels pain in any part of his body during the test, the athlete will score 0 if he can not complete the movement pattern or could not bring his body to the position score 1, if the individual can complete the motion by compensating in any way 2, if the individual movements were not using any compensation mechanism and were able to exercise within the standard expectations of motion, would get 3 points.

The athletes were divided into three groups for test execution. Each test unit was shown to athlete by the researcher practically. What to do during the test was said verbal and it was confirmed that there is no question about application of the test. It was done 3 times after making sure that the athletes knew about the application of the test.

Exercise program
----------------

Twelve weeks special exercise planning that contains 3-gradual exercise program including respectively mobilization, stabilization, and integration was done to the athletes included in the study group. Each program consists of 6--8 session and contains 21--24 session in total. The mobilization exercises were planned to include the upper and lower limb major muscle groups, with foam roller for 3 min each for each muscle group slacken, as well as iliotibial band, posterior capsule of the shoulder joint, thoracic vertebrae, stretching exercises to the posterior capsule of the hip joint and diaphragmatic respiratory exercises. Firstly the exercises were specially determined according to the athletes' test scores and views, then they were applied as 2 days, 1 each hour in addition to team workouts.

In the second 4 weeks, stabilization exercises for the athletes were planned functionally in accordance with the algorithm proposed by Cook according to the athletes' test scores and views, examining the yoga-pilates movements in order to activate the central muscles and examining the deficiencies found in the deep squat, in-line lunge and rotary stability test specially ([@b5-jer-13-5-535]).

In the third 4 weeks exercise planning to improve the motor skills of the athletes was performed using resistant rubber, 65-cm pilates ball in accordance with the algorithms and functional motion patterns proposed by Cook in particular, according to the test scores and images of the athletes, in order to get rid of the deficiencies in the techniques of the sports integration exercises deep squat, in-line lunge, trunk stability push-up, and other test steps.

FMS tests of the athletes who completed 18--21 sessions in total applied again and recorded by video. Immediately afterwards, test scores were checked by the same researcher with video recordings and the total FMS scores were determined.

Injury that taken place in contact or noncontact form throughout the season from the start of the working process of the athletes, in the course of training and during the match; that requires medical or physical therapy from club health department; and that hinder training and taking the field were recorded during a session. In all injuries, the diagnosis was recorded by the investigator, according to the scales on which the severity of Union of European Football Associations injuries was determined. Injury that left the athlete less than 7 days on the training or competition was recorded as grade 1 injury; grade 2 injury was recorded as injuries, which left the team training or competition from 7 to 21 days apart, injuries that left the team separate from training or competition during 21 days were recorded as grade 3 injuries.

Statistical analysis
--------------------

IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA) was used for data analysis of our study. *P*\<0.05 values were accepted statistically significant in all analyzes.

The total FMS, deep squat, hurdle step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up, rotary stability grades before and after the exercise program of whom prospective athletes were compared in the study and control groups and paired sample *t*-test for analysis. The independent sample test was applied to analyze the type and severity of injuries of athletes that saved during a season.

RESULTS
=======

The average total FMS score of study group, before specific exercise planning was 14.83±1.46 and after the study it was 16.79±1.61. In the control group, after first measurements the average total FMS scores was 14.95±1.19 and after second measurements it was 15.33±1.19 ([Table 2](#t2-jer-13-5-535){ref-type="table"}). These changes were statistically significant both in the study group (*P*\<0.001) and in the control group (*P*\<0.001).

Results of FMS and injury relationship
--------------------------------------

The number of days of the study and control group was away from work with the average team during a season due to musculoskeletal injuries were 14.08±13.5 and 29.42±30.67, respectively ([Table 3](#t3-jer-13-5-535){ref-type="table"}).

Players of the study and the control groups received the average minutes of official and preparatory competitions during a season were 1,496.72±846.21 and 1,273.67±922.72 ([Table 3](#t3-jer-13-5-535){ref-type="table"}).

The average day spent away from team training or match was 14.08±13.5 in the study group, while this duration was 29.42± 30.67 in the control group. And this difference was found statistically significant in the study group (*P*\<0.01) ([Table 3](#t3-jer-13-5-535){ref-type="table"}).

FMS and injury severity relationship
------------------------------------

Grades 1 and 2 injuries rates were similar in the study and control group athletes and the difference was statistically insignificant (*P*=0.96, *P*=0.21). Grade 3 injuries were seen in this level in 10 sportsmen in control group, there was no athlete exposed to injury in the study group. The difference between the two groups was found statistically significant (*P*=0.001) ([Table 4](#t4-jer-13-5-535){ref-type="table"}).

FMS and injury mechanism relationship
-------------------------------------

The average of contact injuries' values found similar in the study and control groups. There was no statistically difference (*P*=0.97). The average of noncontact injuries was significantly higher the control group than the study group (*P*=0.04) ([Table 5](#t5-jer-13-5-535){ref-type="table"}).

DISCUSSION
==========

FMS began to be used increasingly to determine the movement patterns of sportsmen at risk of injury in professional clubs. FMS is being used increasingly in professional clubs to determine the patterns of motion of athletes bearing the risk of injury ([@b4-jer-13-5-535]). In addition to FMS is a test model designed to assess these weaknesses, limitations, and quality of functional movement patterns, scientific studies have also shown that there is a significant relationship between FMS scores and sport injuries ([@b6-jer-13-5-535]; [@b5-jer-13-5-535]; [@b15-jer-13-5-535]; [@b14-jer-13-5-535]).

According to the hypothesis suggested that inappropriate motion patterns make individuals susceptible to recurrent musculoskeletal injuries that caused by micro traumas ([@b5-jer-13-5-535]). These repetitive micro traumas cause acute injuries that accumulate in the long term and leave the athletes away from the team ([@b7-jer-13-5-535]). When the FMS score is 14 or less in the athletes followed during the season, it has been shown that the risk of lower extremity injuries is increased four times ([@b2-jer-13-5-535]; [@b20-jer-13-5-535]).

A study assessed the relationship between FMS scores and the incidence of injuries on 46 professional footballers and found that they had an 11 fold higher risk of injury than the FMS score of 14 or less and 51% had experienced at least one serious injury during the season ([@b15-jer-13-5-535]).

FMS tests fulfills the gap between preaccession testing and performance testing by providing an assessment of individual dynamic and functional movement capacities. Once this test system has completed the rehabilitation process of the athlete and after surgery, as well as helping to make the decision to return to the spor, allowing for different approaches to prevention of injuries and predictability of performance ([@b6-jer-13-5-535]; [@b15-jer-13-5-535]).

Nowadays researchers have revealed that individuals who don't have adequate FMS scores or have dysfunctional movement patterns can develop their dysfunctional movement patterns and FMS scores with corrective exercise ([@b7-jer-13-5-535]; [@b18-jer-13-5-535]). The purpose of corrective exercises is to solve measurable dysfunctional movement patterns ([@b5-jer-13-5-535]).

A study reported that an 8-week individual exercise program for 25 professional martial arts sportsmen during training sessions, 4 days a week in accordance with the exercise programs recommended by Cook, and found that the total FMS scores increased at the end of the program ([@b3-jer-13-5-535]). In our study, we made use of downward facing dog, breathing techniques, warrior poses, balance exercise from yoga exercise while we were preparing exercise programs, in addition to exercise planning developed by Cook. In our study group, we put forward that the average of total FMS scores increased at the end of exercise program. Findings in our study were found to support Bodden and Cowen's work on the contrary researches that claims that specific exercise programs have no positive effect on movement patterns. Based on the results of these studies we can say that the contribution to the development of movement patterns of exercise programs targeting the limitation of movement patterns is more effective than exercise programs targeting performance enhancement with body control and coordination ([@b3-jer-13-5-535]; [@b9-jer-13-5-535]; [@b13-jer-13-5-535]).

Some investigations have revealed that team workouts have a positive effect on the FMS scores of athletes even when specific exercise programs are not being applied in addition to regular team training ([@b13-jer-13-5-535]; [@b22-jer-13-5-535]). In our study, we found statistically significant increases in the total FMS scores, Deep squat and trunk stability push-up tests of the athletes in the control group who regularly trained the team and did not participate in the specific exercise program. In our study, the athletes in the control group, as a reason for the significant development of both total FMS scores and deep squat and trunk stability push-up, has been thought that the presence of the core muscle group stabilization, balance and coordination exercises in the general training approach is considered to be effective and as the other reason that a number of them may be influenced by the determination of treatment programs through exercise programs that will affect functional movement patterns depending on the sporting injuries they have had in the process. In the active straight leg raise test, it is considered that the reason for the lack of regression is that stretching exercises appropriate to the Fédération Internationale de Football Association 11+ exercise program are made before and after each training.

Nowadays, speed and importance are given to the studies about the protection from injuries and the determination of the causes of injuries and the reduction of their risks. Some of these studies are trying to establish the necessary predictions in terms of preventive medicine in sports injuries by evaluating the relationship between FMS scores and injuries.

In the study they made in basketballer pointed out that FMS scores were associated with noncontact injuries and that there was no relation between contact injuries and functional movement capacity, but those who had good functional movement were able to avoid contact injuries ([@b21-jer-13-5-535]). Also in our study, the number of non-contact injuries was higher in the control group than in the study group, and the difference was determined statistically significant. We could not reveal a statistically significant difference between contact injuries and total FMS scores. Assessed the total FMS scores of the 82 basketballer high school students before the season and after the season, at the same time they recorded the musculoskeletal injuries causing athletes to stay away from the team during a season, they were not found a statistically significant difference between the total FMS scores of the athletes who were exposed to injury at the end of the season and the total FMS scores of those who did not. We also not found a statistically significant difference between the total FMS scores and the total number of injuries in our study.

A study showed that the musculoskeletal injuries which require medical treatment and physiotherapy and the rate of injury to the athletes with a total FMS score lower than 14, showed that there was a significant relationship between the total FMS score and the risk of injury when those who had previously suffered anterior cruciate ligament (ACL) injury in the study were out of the group ([@b4-jer-13-5-535]). While 11 of the 15 athletes (73.3%) who were not injured in the ACL in the past and whose FMS score was lower than 14 were injured; 6 of the 16 athletes were injured in the athletes group with FMS score higher than 14. A study showed that the definition of serious injury as musculoskeletal injuries that requiring treatment for more than 3 weeks and at the end of study they showed that athletes who have FMS score of 14 or less have an 11 times higher risk of injury and that the athletes are exposed to 51% serious injury during the season ([@b10-jer-13-5-535]). There were no ACL injuries in any athlete participating in our study. While there is not any athlete have total FMS score below 14 in our study group, there is 2 athletes in control group was measured below 14. Taken place in the study and control group the difference between number of grade 3 injury was found statistically significant. The severity of the injuries of the athletes over 3 weeks, the rate of injuries to the sportsmen in the special exercise program was found 25.8%, and 74.2% in the sportsmen in the control group.

The core force distributed the energy transfer between the upper and lower extremities reported that may cause an increase in musculoskeletal injuries such as force imbalances due to the effect of contributing to neuromuscular control during functional motion patterns and providing body stabilization, the core strength developed due to the lack of stabilization in undeveloped athletes and compensation movement patterns ([@b15-jer-13-5-535]). There is a statistically significant relationship between the lower extremity injuries in this parameter because of that the trunk stability is an important indicator of central stabilization of the spine ([@b11-jer-13-5-535]; [@b16-jer-13-5-535]; [@b17-jer-13-5-535]; [@b19-jer-13-5-535]). However in our study; we could not found a statistically significant relationship between the number of injuries, type and severity, and trunk stability push-up test. It is possible to improve the dysfunctional movement patterns and to increase FMS scores with special exercise programs. When considered the relationship between injuries and total FMS scores, the severity of injuries suffered by the athlete is inversely related to the FMS scores, not with specific exercise planning. In terms of preventive medicine, individual exercise programs based on FMS scores were thought to be beneficial in terms of reducing the number of injuries and reducing the severity of injuries.

Periodic movement screening and proper corrections with functional training is valuable in order to create better movement capacity to build better physical performance and more effective injury prevention. Since FMS are used during sportive activities, to try to understand the common aspects of these movement patterns and to make exercise programs for the development of movement patterns will provide considerable contributions to the reduction of job losses and economic losses as provided by athletes to increase their athletic performances, protect themselves from injury, and stay with the team for longer.
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###### 

Demographic features of athletes in the study and control groups

  Group     Weight (kg)   Length (cm)   Age (yr)
  --------- ------------- ------------- ------------
  Study     69.07±4.55    175.00±4.16   16.13±0.38
  Control   70.29±4.89    175.75±4.44   16.42±0.24

Values are presented as mean±standard deviation.

###### 

Change of total functional movement screen (FMS) scores in the study and control groups

  Group     Previous FMS   Next FMS     *P*-value
  --------- -------------- ------------ -----------
  Study     14.83±1.46     16.79±1.61   \<0.001
  Control   14.95±1.19     15.33±1.19   \<0.001

Values are presented as mean±standard deviation.

###### 

Duration of return to the field of study and control groups

  Group     Stay away from the team   Duration (min)    *P*-value
  --------- ------------------------- ----------------- -----------
  Study     14.08±13.50               1,496.72±846.21   0.006
  Control   29.42±30.67               1,273.67±922.72   0.333

Values are presented as mean±standard deviation.

###### 

Injury severity in the study and control groups

  Grade                   Study group   Control group   *P*-value
  ----------------------- ------------- --------------- -----------
  1 injury (\<7 days)     0.92±0.77     0.91±1.08       0.96
  2 injury (7--28 days)   0.50±0.65     0.74±0.81       0.21
  3 injury (\>28 days)    0±0           0.24±0.43       0.001

Values are presented as mean±standard deviation.

###### 

Functional movement screen and injury types

                        Study group   Control group   *P*-value
  --------------------- ------------- --------------- -----------
  Contact ınjuries      0.67±0.70     0.67±0.86       0.97
  Noncontact ınjuries   0.75±0.67     1.21±1.12       0.04
